I. INTRODUCTION
Verification of the energy consumption of the simulated model in a project under implementation
The Energydesign® research group of the University of Pécs has developed a design method applicable for the building climate, energy and architectural technology modeling of plus energy buildings. The method of a multidimensional process arranges the systematic structured, carefully designed planning process, calculations, complex analysis and dynamic simulation control of buildings through a finite number of algorithmic steps. This problem-solving matrix creates sustainable solutions without common and widely used technical systems, whereby the positive energy balance of the building is a priori predefined. 3] The project is under construction and comprises a complex of a net floor area of approximately 2,500 m², a storage facility a production hall, workshops, a central atrium, an innovation center, a restaurant-café, offices and sanitary rooms. One of the major features of the project is the dynamic building climate and energy simulation model of the planned structure, which verifies the design of the building. Fig . 1 shows the complete building model with three passive cooling and ventilation towers and the north (main) façade. It is not only plan verification that can be performed with the help of simulation results however, but they can also be used for comparative analysis of the future values of the BMS building management system of a building. [4] The BMS measurements as simulations of a scale of M=1:1 thus verify the results provided by the software. The building will be fitted with a BMS system with integrated climate and energy monitoring, reference measurement spaces and control systems. [5] II. "ENERGYDESIGN" CONCEPT Low-temperature thermo-active heating-cooling surface system, embedded in reinforced concrete slabs (Fig. 2) . The conditioning is based on a 32x100 meter ground probe Dynamic Simulations Supported Indoor Climate and Energy Building Modeling István Kistelegdi and Bálint Baranyai system in transition seasons. In summer and winter the ground probes support three heat pumps. Mechanical ventilation during the heating period and the hot summer period shows Fig. 2 .
After being preheated by a 1060 m ground collector (air-ground heat exchanger), fresh air is directly sent to the production hall by way of induction.
Exhaust air departs through the atrium roof and ventilation towers on the roof due to thermal buoyancy and special developed "Venturi" aerodynamic boundary layer accelerator disc constructions. [6] Preheated air by ground collector is further heated by the heat recovery systems in winter; afterwards the functional spaces are supplied with fresh air in a mixed way.
A special feature of the mechanical ventilation system is that the trash air collected from the upper floor offices is thermally used twice. This exhaust air is aspirated into ventilation channels, which are integrated in the passive cooling ventilation towers and supply the used air into the factory hall. The production zone, flushed through by the air thus heated, gains an extra heating effect; then the entire volume of used air releases heat for a third time in the plate type heat recovery system (with an efficiency of 60%) and finally, as a fourth step, the exhaust air is discharged into the storage facility, which is tempered by the air warmth of approx.11ºC temperature.
Natural ventilation during the transitional seasons is ensured through the facade openings and the towers in the production hall, as well as through the ventilation system of the skylights and the doors of the atrium. [7] A solar thermal collector and buffer storage system provide 100% of hot water.
The remaining part of the total final energy demand can be powered in a second stage of development through the overproduction of the photovoltaic cell modules in the building envelope (plus energy balance). 
III. SIMULATION CONCEPTS
With the use of the IDA ICE 4.0 Indoor Climate and Energy software, a complex model comprising eight building bodies and 53 climatic zones was set up based on detailed construction data and the specification of layers (Fig. 3) . To be able to simulate the relation of the heating, cooling and transitional periods, three models had to be set up with different settings as a function of the possible building structure and building services adjustment options (Concept 1). Due to the partly useless, unrealistic results of the short pre-simulation (start up) and simulation periods, Concept 1 had to be replaced by Concept 2 featuring two models (a heating and a cooling model), in which the hypothetic presumed time intervals of the heating and cooling periods could be properly specified. Simulation results of Concept 3 featuring precise time settings indicated overheating in the atrium as a buffering zone when examined for building climate and sense of comfort and well-being. With the help of test simulations in Concept 4 the climatic performance properties of the major areas in the building were optimized [8] , [9] -after multiple fine tuning of the mechanical ventilation, window and facade natural ventilation, the openings of the passive ventilation tower and the skylights of the atrium, the passive cooling in the night and the shading schedule plans. Fig. 4 displays the operative temperature in an average summer day. 
IV. ENERGY BALANCE
After the appropriate adjustment and the dynamic simulations of the building climate, the next step was to examine building energy quality and to set up an energy balance. The dynamic calculation process of the building climate and the final electricity consumption generates its results by using ASHRAE IWEC 1.1 meteorological weather files as input data. [10] A 1060 m long ground-air collector and 32 pieces of 100 m deep ground probes were integrated in the simulation. In compensation for the lack of a ground probe option in the simulation program, the efficiency of the heat pump was increased (COP Coefficient of Performance value of 12 applied instead of 5) to simulate the geothermal power. The electricity consumption of the production hall and the office building is the total sum of the energy demand of the thermo-active surface heating-cooling system, mechanical ventilation, artificial lighting, office equipment and production equipment: summa 82,364 kWh/a, that is 36 kWh/m²a (Fig. 5 -8 ). April and October were calculated from the heating model (higher consumption -evaluation security). This means that the building achieves values better than those of the German building energy standard of KfW 40. Kfw = Kreditanstalt für Wiederaufbau, KfW 40 = primary energy demand 40 kWh/m²a. Due to the fact that the photovoltaic electricity can be calculated with a primary energy factor 1, the 36 kWh/m²a electric energy consumption can be covered through solar primary energy gains.
On the other side of the energy balance is the electricity produced by the photovoltaic power generating building envelope.
An advanced calculation, based on a DIALUX natural lighting simulation [11] and the METEONORM climate database values of average global radiation and sunshine duration, gives a result of 88,160.55 kWh/a solar electricity production. Therefore, the energy balance of the building indicates a plus energy production of 5,796.55 kWh/a. The Energydesign concept was tested in a series of simulations with positive result. The effectiveness of the mechanical ventilation system, the surface heating-cooling system, the heat pumps and the near-surface geothermal energy system, and at the same time the climate performance of the building were verified for both winter and summer periods, with the exception of two or three transitional months when the slow heat transfer of the thermal mass and storage system was unable to dim the amplitude of external temperature fluctuation inside the building. In these periods the temperature of the atrium followed the external temperature alterations, while the functional areas were either overheated or undercooled with mechanical or natural ventilation. It can be concluded from the analysis that in certain zones heating is still required, while in other zones it is advisable to switch to cooling mode.
V. SIMULATION OF THE CONSTRUCTION PLAN
After the completion of the construction planning thermal masses were increased, due to the fact that a reinforced concrete frame structure was designed (reducing costs) and it was possible to use wooden lightweight concrete thermo-active conditioning systems [12] . The inductive research will be continued with new simulations with the fine-tuning data of the construction-plan-level building services and building structure. These calculations confirm the climate and energy quality of the updated construction project, which can be further optimized if necessary. The new simulation of the cooling model verifies that the 18,028 kWh/a final energy demand of the construction plan (excluded production technology consumption) -as compared to the 16,961 kWh/a demand of the approval planning -delivers only minimal extra need for artificial lighting, active cooling and ventilation and 4,729.55 kWh/a extra plus energy production.
VI. CONCLUSION
The best possible building climate conditions can be developed in the construction plan simulations. These calculations prepare the BMS and MMS (Mobile Management System) building monitoring and control measurement research. The results will be compared with the measured building climate and energy values in order to verify the design concept and the simulation data. 
